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Abstract

Background

Besides its contribution in the treatment of Human Immunodeficiency Virus-infected
patients, anti-retroviral drugs may also cause mild to serious adverse effects. It is the main
causes for poor drug adherence, treatment discontinuation and changes in Anti-Retroviral
Treatment (ART) regimens. Thus, the aim of this study was to assess the incidence and pre-
dictors of adverse drug reaction among adult Human Immunodeficiency Virus positive
patients on anti-retroviral treatment from January 1, 2013 up to December 30, 2018 at Arba
Minch town public health facilities, Southern Ethiopia.

Methods

An institution based retrospective cohort study was conducted on 456 charts. Secondary
data was collected by structured questionnaire. Data were entered in Epi-data version 4.4.2
software and exported to STATA Version 14 for analysis. The Kaplan-Meier survival curve
with Log-rank was used to estimate survival time. Bi-variable and multivariable Cox propor-
tional hazard regression models were fitted to identify predictors of adverse drug reaction. In
the bi-variable analysis, the variables with p-value < 0.25 were eligible for multivariable anal-
ysis. Finally, variables with p-values less than 0.05 in the multivariable Cox regression were
considered as independent predictors. The statistical significance was declared at p-
value<0.05.

Results

Out of 456 patients observed for 14,903 person-months (pm), 79 experienced adverse drug
reactions and the overall incidence density rate was 0.53/100 pm, CI: 0.42—0.66/100 per-
son’s month or 6.36 per 100 Pearson year of observation. Females were at higher risk of
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experiencing adverse drug reactions (ADRs) compared to males [AHR = 2.35; CI (1.18,
4.69)]. The risk of experiencing ADRs among patient with advanced WHO clinical stage
(stage lll and 1V) was higher compared to stage | and I [AHR = 3.0, Cl (1.22, 7.37)]. The risk
of experiencing an ADR was at any given time higher among AZT and NVP containing regi-
mens compared to TDF and EFV containing regimens. Finally, the risk of ADR among those
patients from the health center was reduced by 59% compared to hospital patients, [AHR =
0.41,Cl1(0.17,0.97)].

Conclusion and recommendation

The incidence rate of ADRs was reduced among patients on ARVs compared to previous
studies and it was high during the early years of ART initiation. HIV patients should be
closely followed in the early years of ART initiation, since this is the time of highest risk
ADRs and emphasis should be given for female and clinically advanced patients.

Introduction

According to The Joint United Nations Program on HIV and AIDS (UNAIDS), through 2018,
74.9 million people worldwide have been infected with HIV. Since the beginning of Human
Immunodeficiency Virus (HIV) epidemic, around 74.9 million people have become infected
and about 32 million people have died from the Acquired Immunodeficiency syndrome
(AIDS) related illnesses. Globally, there were 37.9 million people living with HIV and 62% of
people are on Antiretroviral Therapy (ART) in 2018 [1]. By 2015 Sub-Saharan Africa (SSA)
shared three forth of the total HIV-infected people and almost the same amount of AIDS
related deaths [2]. In Ethiopia by 2018, there were an estimated 610,335 people living with
HIV and by the end of 2017, 415, 578 adults and 21,385 children under the age of 15 were on
ART [3,4].

Highly active anti-retroviral therapy (HAART) has an improving effect on the quality of life
and also on the course and treatment of HIV-infected patients [5]. In the past decades AIDS-
related illness is declined mainly due to the continuous scale-up of HAART [6]. From 2010 up
to 2018, new HIV infections and the annual number of global deaths from AIDS-related illness
have been declined by 16% and 33% respectively [1]. Previously, Ethiopia was also one of the
countries with the higher number of AIDS related death, but recent reports shows that there is
a remarkable reduction from 83,000 deaths in 2000 to 15,600 in 2017 because of HAART
implementation [7].

Despite its high potential for the management HIV infection, HAART may result mild to
serious adverse drug reactions [8,9]. Adverse drug reactions (ADRs) are responding to a medi-
cine which is noxious and unintended, and which occurs at doses normally used in man for
the prophylaxis, diagnosis, or therapy of disease, or for the modification of physiological func-
tion [10].

ADRs negatively affect both the health care system and patients” quality of life. Reports
from some countries indicate that adverse drug reactions are the 4™ to 6™ largest cause for
mortality and 10-20% of hospitalization. Due to drug related problems, some countries also
spend up to15-20% of their healthcare budget [11,12].

In Africa a study done in Nigeria by 2015 on the safety of the drugs majority proportion of
ADRs was accounted by antiretroviral drugs [13]. Similarly, in Ethiopia, the pharmacovigilance
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center report from 2009-2011 indicates that more than three forth of the adverse drug events
are attributed to antiretroviral drugs followed by the anti-tubercular drugs [14]. On a study
done in Jimma specialized hospital more than half (65.5%) of HIV patients evidenced to
develop at least one adverse drug reaction to antiretroviral drugs [15].

The ADRs are known to result in loss of patient’s confidence on the safety of medicines and
the national ART program which lead to poor adherence or total discontinuation of taking
these life-prolonging medicines. Poor adherence is, in turn, known to lead to treatment failure
and the development of resistance of the virus leading to reduced efficacy [9,16,17]. Moreover,
ADRs secondary to ART are one of the main causes of, treatment discontinuation, changes
in ART regimens, hospitalization, prolonged hospital stays and high costs and even death
[18-23].

Despite, the current Sustainable development goal (SDG) target of ending communicable
disease, including AIDs through increasing the uptake of ART [24], globally, toxicities result
in about one out of four HIV infected patients to discontinue and not adhere to their regimen
[8]. Likewise, in South Africa, 40% of the patient had a first line anti-retroviral discontinuation
by three years of ART due to ADRs [18]. In Ethiopia, studies showed that toxicity of the drugs
is the main causes (58%) for the change of the first-line regimen among HIV patients on anti-
retroviral therapy, which affects the limited number of our treatment options. It is also one of
the primary predictor of poor adherence [25-27]. A study conducted in south-west Ethiopia
on mortality from adverse drug reaction-related hospitalizations show that 1.5% death. Drug-
induced hepatotoxicity and acute kidney injury which is mostly attributed by anti-retroviral
drugs (Efavirenz (EFV) and Tenofovir(TDF) following anti-tuberculosis drugs (Isoniazid and
Pyrazinamide) are known to be the major cause of death [20].

Provided negative effect of ADRs, Ethiopia has been implementing several activities at the
national level through Pharmacovigilance center. Accordingly, the country has sent letters to
health care providers about the safety concern describing how it may affect present patients on
the medicine and future prescribing [28]. At the facility level, as some studies indicate the com-
monly used solution to avert such problem with the health care provider is reassurance, single
drug change and regimen modification [29]. A study done at Gondar identified that positive
emotional, social support seeking, taking other medications, information seeking and non-
adherence as a mechanism for coping ART related ADRs by the patients [27].

Studies from different part of the world indicates sex, age, educational status, occupation,
base line WHO clinical stage, baseline CD4 count, opportunistic infection prophylaxis, anti-
tuberculosis treatments, duration of use of ART and regimen type have an effect on the devel-
opment of ADRs among adult HIV patient on ART [29-35]. Factors such as nutritional status,
Co-morbid non AIDS related chronic disease and substance use was not well studied and
would be assessed in this study. This study aimed to determine the incidence of ADR among
patients on HAART and its predictors.

Methods
Study setting and design

This study was conducted in Arba Minch town, public health facilities which give ART ser-
vices, Arba Minch General Hospital, Arba Minch and Secha Health Center. Arba Minch town
is the administrative center of Gamo zone. It is located 505 km southwest from Addis Ababa,
the capital city of Ethiopia and 275 km southwest of Hawassa, capital city of SNNPR.

Arba Minch General Hospital is now providing health services for about 2,007,143 peoples
which came from the catchment area. ART service was started on 2004, and from the time the
hospital starts to give HIV care service about 4,000 HIV patients were enrolled for ART.
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Among them 3,159 were initiated ART. Currently, 1,751 HIV patients were on treatment at
the ART clinic, of which 1,628 were adult. The remaining patients were transferred out to the
nearby health facilities. Arba Minch health center start to enroll HIV patients on 2005 but it
starts to initiate ART on 2007. Starting from this time, 619 patients were initiated ART and,
currently 400 patients are on treatment and of which 374 are adult. An institution-based retro-
spective cohort study was conducted by reviewing medical records of HIV patients who initi-
ated ART between January 1, 2013 and December 30, 2018. The medical records review was
done from April 20 up to May 20, 2020.

Population of the study

All charts of adult HIV patients who initiated ART at Arba Minch Town public health facilities
were considered as source population, and all adult HIV patients initiated ART between Janu-
ary 1,2013 and December 30, 2018 in Arba Minch Town public health facilities were consid-
ered as the study population.

Eligibility criteria

Adult HIV patients who initiated ART between January 1, 2013 and December 30, 2018in
Arba Minch town public health facilities were included, whereas HIV patients on ART whose
medical record were incomplete (those records lacking information on date of ART initiation,
the outcome of interest or those records missing more than 20% independent variables) were
excluded from this study.

Sample size determination

In this study sample size was determined by using single population proportion formula by
taking the proportion 22.1%from previous study, which was done on adult HIV patients in
Ethiopia [33]. With the following assumptions under consideration; desired degree of preci-
sion of 4%, and 95% of confidence interval it provides 414 and with the consideration of 10%
withdrawal it gives 456.

Sampling technique

This study was carried out in Arba Minch Town public health facilities that provide ART ser-
vice during the specified study period, Arba Minch General Hospital and Arba Minch Health
Center. Therefore, the total sample size was proportionately allocated for this two selected
health facilities based on the number of study population. The proportional allocation was as
follows: 303 out of 614 from Arba Minch general hospital and 153 out of 310 from Sikela
health center. A total of 968 medical cards were reviewed, of which 20 and 24 were excluded
due to ineligibility and incompleteness (more than 20% of variables were incomplete) respec-
tively. Thus, medical records of HIV patients who fulfilled the inclusion criteria were included
with the above-mentioned public health facilities until the calculated sample size was attained.
Simple random sampling technique with computer generated random number was used and
medical records of those HIV patients who start ART between January 1, 2013 and December
30, 2018 were considered as a sample frame.

Data collection methods and procedure

The data extraction checklist was prepared in the English language after looking routine stan-
dard ART monitoring charts, HIV patient’s medical records, ART registers and relevant peer
reviewed similar studies. To gather all the available relevant data necessary for conducting this
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study, ART registers and ART patient’s individual medical folder were reviewed. The checklist
had consisted socio-demographic, clinical, laboratory, medical, and behavioral characteristics
related questions. Data were collected by six diploma nurse professionals and two supervisors
who had BSc nurses. Two days training was given by principal investigators for both data col-
lectors and supervisor on briefing the general objective of the study, and discussing the con-
tents of the checklist and how it is to be filled. Data collectors and supervisors were applied all
necessary protective measures of Corona virus disease 2019(COVID-19); such as face mask
and alcohol based rub during medical record review time, and also they maintained physical
distancing safeguard themselves as well as field workers and others.

Data quality assurance

To assure the data quality, data collection tool was prepared after reviewing of HIV patients’
medical records, ART registers, and relevant peer reviewed similar studies. The collected data
was delivered to the supervisor every day and the principal investigator every other day in
order to take immediate action when inconsistencies and problems happen on the recorded
data. The completeness of the data was checked by data collectors during data collection and
after data collection by the supervisor and principal investigator (PI). The overall activity of
data collection was also supervised and coordinated by the PI. Finally, data completeness is
reassured and data cleaning was made by the principal investigator.

Data processing and analysis

Data were coded, cleaned, and entered using Epi-data software version 4.4.2, exported to
STATA version 14 (STATA Corporation, College Station Texas) software for analysis. The
presence of missing values, possible outliers, and multi-collinearity were checked through
exploratory analysis. Descriptive analyses, including median and inter-quartile range (IQR)
for numerical variables, frequencies and proportions for categorical variables was performed
to characterize the study participants based on the studied variables and for the type of adverse
reactions also. Deletion (variable dropping and complete case analysis) strategy was used to
handle Missed values.

Person-time incidences were estimated. The incidence rate of ADR were expressed as the
number of patients with at least one occurrence of the given event per 100 person-years, the
numerator was defined as the number of patients who have at least one adverse reaction
recorded in the medical charts, whereas the denominator was defined as the sum of time con-
tributed by each individual corresponding to the interval between the date of the first ART ini-
tiation up to the date of the first registered adverse reaction. For those without any registered
adverse reactions, the interval between the date of the first day of ART initiation and the date
of the last medical visit was considered. Kaplan-Meier survival curve with the log-rank test was
fitted to check the presence of a difference in experience of ADR among the categorical
variables.

Since the time of exposure, i.e., the first day at which the patient starts to take ART, to out-
come, i.e., adverse reactions, was known and heterogeneous for each individual under investi-
gation they were suitable for survival analysis. To show an association between the covariates
and timing of ADRs and differences in survival rate Kaplan Meier curve were used and log-
rank test was used to test the equality of the curves between categories of covariates on the tim-
ing to first ADR events. To estimate and interpret survivor functions from survival data overall
Kaplan-Meier survivor function curve was used.

The magnitude of the association between predictive factors and adverse reactions was esti-
mated in terms of the hazard ratio (HR) at 95% confidence interval by using Cox proportional
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hazards model. The independent effect of selected variables on the occurrence of at least one
adverse reaction was determined by multivariable analysis. In the bi-variable analysis, the vari-
ables with p-value < 0.25 were eligible for multivariable analysis. Finally, variables with p-val-
ues less than 0.05 in the multivariable Cox regression were considered as independent
predictors.

The likelihood ratio test was used to compare models and the proportional hazard assump-
tion was assessed by using these three approaches; graphical, goodness of fit test and time
dependent variables.

Measurements of the variables

Adverse drug reaction:

Event: occurrence of ADRs after initiation of ART.

In this study an adverse drug reaction to ART was defined as the occurrence of at least one
of the following undesirable effect registered in the patient’s follow-up card (Nausea, Diarrhea,
Fatigue, Headache, Numbness/tingling/pain, Skin Rash, Anemia, Abdominal pain, Jaundice,
Fat change, Dizzy, anxiety, nightmare, depression) and for this study only the first event which
occurred following the date of the first prescription of anti-retroviral drugs was under
investigation.

Censored: in this study censors were individuals like lost to follow up, dead, transferred
out, and the individual who does not experience the event at the end of the follow up period.

ART drug adherence: adherence is the extent to which a client’s behavior coincides with the
prescribed regimen as agreed upon through a shared decision making process between the cli-
ent and the health care provider. And it was described as good adherence (> 95% adherence
that is, missing only < 2 out of 30 doses or missing < 3 from the 60 doses), fair adherence (85-
94% adherence that is, missing 3 to 5 doses out of 30 tabs or 3 to 9 tablets from 60 doses) and
poor adherent (less than 85% adherence that is, missing > 6 tablets out of 30 tabs or > 9 tabs
from 60 tabs) [4].

Functional status of patient at initiation of ART: this is to assess the physical, functional sta-
tus of the patients at initiation of ART and it was described as working (able to perform usual
work inside or outside the home), ambulatory (able to perform activity of daily living, not able
to work) and bed ridden (not able to perform activities of daily living) [4].

WHO clinical stage at initiation of ART: it is a classification of HIV patients at initiation of
ART treatment based on clinical illnesses as defined by WHO clinical staging of HIV patient
and in this study it was categorized as non-advanced HIV disease (WHO stage I and II) and
advanced HIV disease (WHO stage III and IV) [36].

Ethical consideration

Ethical approval was obtained from Institutional Research Ethics Review Board (IRB) of Arba
Minch University, College of Medicine and Health Science. Following the approval, support
letter to the concerned bodies was given from Post Graduate Coordination Office of Arba
Minch University. Permission was obtained from Arba Minch town Health Office, Arba
Minch General Hospital and Health Center. Clear information about the concept, purpose,
procedure, requirements, significance of this study and investigator were given for the selected
study facility administrators, for those supportive staff expected to involve and those health
professionals that works in the ART clinic. The confidentiality of the information obtained
throughout the study was handled carefully and kept locked. Then, informed, voluntary, writ-
ten and signed consent was also obtained from the head of the Hospital in accordance with
Declaration of Helsinki. Moreover, the IHRERC of the Arba Minch University has not
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required the patient parental consent to review their medical records since it is retrospective
nature of the study. Information obtained from patient medical record was kept confidential
and used only for this particular study.

Results
Baseline characteristics of the study participants

Socio-demographic characteristics of the respondents. A total of 456 HIV positive
adults’ medical records 303(66.4%) from Arba Minch general hospital and 153 (33.6%) from
Arba Minch health center was reviewed. The median and IQR of the age of the clients at the
initiation of ART was 30 and 10 years, respectively, and of which nearly half of (46.27%) the
participants were in the age group between 25 and 34 years. Approximately two third of the
participants (61.18%) were females. Regarding the level of education, 111 (24.34%) had no for-
mal education and 52 (11.4%) were tertiary educated. Regarding the residence, 337 (82.68%)
was from urban area and 79 (17.32%) rural area and among all clients 82% resided in the facili-
ties catchment area and the rest were outside the facilities catchment area (Table 1).

Behavioral characteristic of the respondents

Of the total reviewed patients medical records, 86.4% showed good adherence to ART and
more than ninety percent of patients were disclosed their HIV status. Regarding the substance
use, more than one quarter of the patients (27.41%) had experience of alcohol user, and only
1.97% of had smoking experience (Table 2).

Clinical and immunological characteristics

More than three forth (77.41%) of patients were on WHO category, stage I and II at the time
of HAART initiation. Out of the total subjects, 52 patients lack CD4 information on the base
line and the median and IQR of CD4 count for the patients was 347 and 236 respectively. The
mean and standard deviation of the BMI of the patients were 21.18 +2.88 and based on their
BMI 15.13% and 1.54% of participants were moderately and severely malnourished respec-
tively. On the other hand, 33.33% were also infected with opportunistic infections and 3.07%
had other non AIDS related disease (Table 3).

ART and other medication related characteristics

In this study, more than three forth (80.92%) of prescribed HAART regimen in initiation for
the patients were a combination TDF-3TC-EFV. More than half of (53.39%) patients had
received Cotrimoxazole prophylaxis and 91.67% of patients had received Isoniazid prophy-
laxis. Among all, 36(8.11%) of patients had a history of anti TB medications (Table 4).

Incidence of adverse drug reaction

During the six year retrospective follow up, 79 (17.32%) had developed ADRs, 6 (1.3%) died,
74 (16.2%) were transferred out to other health facility, 36(7.9%) were lost to follow up, and
261 (57.2%) were on follow up without experiencing ADRs. Patients were followed for a mini-
mum of Imonth and maximum of 87 months with a total of 14,903 person months of observa-
tion and the median observation time was 27 months with IQR 35 months. Overall, there were
79 incidents of ADR reported during 14,903 person-months of observation, or 1,241.9 person-
years. And the incidence density rate was 0.53/100 person’s month (CI: 0.42-0.66/100 person’s
month), or 6.36 per 100 Pearson years of observation, (7.52/100PY among females and 4.54/
100PY among males). Of these, more than half (53.16%) of ADRs were occurred in the first
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Table 1. Socio-demographic characteristics of HIV positive adults at initiation of HAART in Arba Minch town public health facilities from January 2013 to Decem-

ber 2018 (N = 456).

Variables Category Frequency Percentage
Health facility Hospital 303 66.4
Health center 153 33.6
Sex Male 177 38.82
Female 279 61.18
Age at initiation ART 15-25 73 16.01
25-34 211 46.27
35-44 124 27.19
>45 48 10.53
Marital status Single 85 18.64
Married 253 55.48
Separated or divorced 87 19.08
Widowed 31 6.80
Educational status No formal education 111 24.34
Primary 154 33.77
Secondary 139 30.48
Tertiary 52 11.4
Occupation Governmental employee 77 16.89
Farmer 61 13.38
Merchant 56 12.28
Daily laborer 153 33.55
House wife 61 13.38
Student 18 3.95
Others 30 6.58
Residence Urban 337 82.68
Rural 79 17.32
Catchment area Reside in facilities catchment area 374 82.02
Not reside in facilities catchment area 82 17.98
Religion Orthodox 309 67.76
Protestant 120 26.32
Muslim 25 5.48
Others 2 0.44

https://doi.org/10.1371/journal.pone.0251763.t001

Table 2. Behavioral characteristics of HIV positive adults on HAART at Arba Minch town public health facilities, from January 2013 to December 2018 (N = 456).

Variables Categories Frequency Percentage
Adherence Good 394 86.4
Fair 19 4.17
Poor 43 9.43
Disclosure status Yes 423 92.76
No 33 7.24
Alcohol use Yes 125 27.41
No 331 72.59
Tobacco use Yes 9 1.97
No 447 98.03

https:/doi.org/10.1371/journal.pone.0251763.t002
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Table 3. Clinical and immunological characteristics of HIV positive adults at initiation of HAART at Arba Minch town public health facilities, January 2013 to

December 2018 (N = 456).

Variables Category Frequency Percentage
Baseline WHO clinical stage Stage 1 172 37.72
Stage 2 181 39.69
Stage 3 73 16.01
Stage 4 30 6.58
CD4 count at initiation of ART <200 cells/pl 74 16.2
>200 cells/pl 330 724
Missed 52 11.4
Functional status at initiation of ART Working 402 88.15
Ambulatory 47 10.31
Bedridden 7 1.53
BMI >18.5 380 83.33
16-18.5 69 15.13
<16 7 1.54
Ols at initiation of ART Yes 152 33.33
No 304 66.67
Other non AIDS related comorbidities Yes 14 3.07
No 442 96.93

https://doi.org/10.1371/journal.pone.0251763.t003

one year of observation and over three forth (78.5%) of ADRs occurred within two years of fol-
low up. Survival probability at the 6%, 12, 24™ and by the end of the study was 0.95, 0.84, 0.82
and 0.69 respectively (Table 5).

The overall Kaplan-Meier survival estimate curve showed that incident of ADR was highest
in the first two years of ART initiation and reduced over the time of ART (Fig 1).

The incidence of ADRs was higher among those patients who start ART at advanced clini-
cal stage compared to non-advanced once (Fig 2).

The incidence of ADR was lower among those patients who were on TDF-3TC-EFV as

compared to other regimens (Fig 3).

To test equality of survival curves of different categorical explanatory variables, Cochran-
Mantel Haenszel Log rank test was performed. The test statistics showed that there was a sig-
nificant difference in survival function for different categorical variables (Table 6).

Table 4. ART and other medication related characteristics of HIV positive adults at initiation of HAART at Arba Minch town public health facilities, January 2013

to December 2018 (N = 456).

Variables Category Frequency Percentage

ART regimen 1c, AZT-3TC-NVP 40 8.77
1d, AZT-3TC-EFV 12 2.63
le, TDF-3TC-EFV 369 80.92
1f, TDF-3TC-NVP 35 7.68

CPT Yes 243 53.39
No 213 46.71

IPT Yes 418 91.67
No 38 8.33

Anti-TB treatment Yes 36 7.89
No 420 92.11

https://doi.org/10.1371/journal.pone.0251763.t1004
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Table 5. Life table for adverse drug reaction survival among adult HIV positive patients in Arba Minch town public health facilities, southern Ethiopia 2020.

Intervalin | Number Number Withdrawing | Number Number of Proportion Probability of | Cumulative Probability |95% CI
months Entering during Interval Exposed to Terminal Terminating Surviving Surviving at end of
Interval Risk Events Interval

0-12 456 42 435 37 0.09 0.91 0.91 0.88,0.93
12-24 377 98 328 26 0.08 0.92 0.84 0.80,0.87
24-36 253 65 220.5 8 0.04 0.96 0.81 0.76,0.84
36-48 180 55 152.5 2 0.01 0.99 0.80 0.75,0.83
48-60 123 57 94.5 1 0.01 0.99 0.79 0.74,0.83
60-72 65 29 50.5 4 0.08 0.92 0.73 0.64,0.79
72-84 32 25 19.5 1 0.05 0.95 0.69 0.58,0.77
84-96 6 6 3 0 0.00 1.00 0.69 0.58,0.77

https://doi.org/10.1371/journal.pone.0251763.t005

In this study, there was significance differences survival time among female and male
(Fig 4). Those study participants who are at advanced clinical stage had lower survival time as
compared to those who are non-advanced clinical stage, and the survival time difference
between the groups was found statistically significant (Fig 5).

Predictors of adverse drug reaction

On the bi-variable Cox regression, covariates such as types of health facility, sex, age category,
educational status, occupation, disclosure status, functional status, WHO clinical stage at ART
initiation, BMI at ART initiation, opportunistic infections, CD4 count at initiation of ART,
types of regimens, experience of anti-tuberculosis treatment, cotrimoxazole preventive

Kaplan-Meier survival estimate
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Fig 1. The overall Kaplan-Meier survival estimate curve of adult HIV positive patients on ART in public health facilities of
Arba Minch town, southern Ethiopia, 2020.

https://doi.org/10.1371/journal.pone.0251763.g001
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Fig 2. Distribution of ADRs by baseline WHO clinical stage among adult HIV patients on ART in public health facilities of Arba
Minch town, southern Ethiopia, 2020.
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therapy, and isoniazid preventive therapy were found significant predictors for the occurrence
of ADRs at p-value <0.2 and they were candidates for multivariable regression (Table 7).

On the other hand, marital status, residence, catchment area, religion, adherence, alcohol
and tobacco use, other non AIDS related co-morbidities were not found to be predictors of
ADRs as a result they were not fitted to multivariate analysis.

During multiple variable Cox regression, sex, WHO clinical stage, regimen type and type of
health facility were identified as an independent predictor of ART related ADRs. At any given
time, the risk of developing ADRs among females was 2.35 times that of males [ADR: 2.35; CI
(1.18, 4.69)]. Regarding WHO clinical stage, compared to non-advanced clinical stages (WHO
stage I and IT) at any given time, the risk of ADRs was 3 times higher among advanced clinical
stages (WHO stage III and IV). The risk of experiencing an ADR was at any given time higher
among AZT and NVP containing regimens compared to TDF and EFV containing regimens.
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Fig 3. Distribution of ADRs by initial ART regimen type among adult HIV positive patients on ART in public health facilities
of Arba Minch town, southern Ethiopia, 2020.

https://doi.org/10.1371/journal.pone.0251763.g003
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Table 6. Log-rank test for equality of survivor functions between categories of covariates.

Variables Chi 2 (X2) Pr>chi2

Sex 4.56 0.028
Occupation 17.43 0.0148
Disclosure 4.39 0.036
Functional status 26.49 <0.001
BMI 6.60 0.0368
WHO clinical stage 79.01 <0.001
CD4 count 25.54 <0.001
Opportunistic infection 9.33 0.0023
Regimen type 45.99 <0.001
Anti-tuberculosis 41.21 <0.001
CPT 32.9 <0.001
IPT 32.47 <0.001
Type of health facility 16.45 <0.001

https://doi.org/10.1371/journal.pone.0251763.t006

Moreover, the risk of ADR reduced by 59% among those HIV patients who were on ART at
the health center compared to those from the hospital (Table 8).

Discussion

The aim of this retrospective cohort study was to determine the incidence and predictors of
anti-retroviral drugs related ADRs among HIV positive adults on ART. The overall incidence

1.00 Kaplan-Meier survival estimates
Cumulative survival probability
T

0.75 T g —

= -
0.50 Log-rank test (X2=4.56, P=0.0328)
0.25
0.00

| T T T T T

0 20 40 60 80
Follow-up time in months
Sex = Male — Sex =Female

Fig 4. Kaplan-Meier survival estimate for sex among adult HIV patients on ART in public health facilities of Arba Minch town,
southern Ethiopia, 2020.

https://doi.org/10.1371/journal.pone.0251763.9004
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Fig 5. Kaplan-Meier survival estimate for base line WHO clinical stage among adult HIV patients in public health facilities of Arba
Minch town, southern Ethiopia, 2020.

https://doi.org/10.1371/journal.pone.0251763.9005

density of ADRs was found 0.53/100 person’s month (CI: 0.42-0.66/100 person’s month), or
6.36 per 100 person-years of observation.

This finding was slightly higher than a study done in Nigeria (4.6/100PY) [30,32,37], and in
Ethiopia, Bahir Dar (4.3/100 PY), Hossana (4.88/100PY). One possible explanation might be
the difference in the duration of follow-up period, such as in this study follow-up time was six
years compared to a study done in Nigeria, which was three years, might not be able to observe
some ADRs that occur late after ART initiation and the other is difference on measurement of
the events between studies, such as on study done at Bahir Dar and Hossana, only those ADRs
that results patient hospitalization, or drug switch/discontinuation because of ADRs was con-
sidered for investigation.

On the other hand, this finding was lower than a study done in our country at seven teach-
ing hospitals (Addis Ababa, Hawassa, Jimma, Haramaya, Mekelle, Gondar and Army forces
hospital), where the incidence density was 9/100 PY [33]. It was also very much lower than a
study done in India (52/100 PY) [38]. The possible reason for this variation might be due to
differences in the type of regimen between studies. For example, in this study more than 80%
of patients were started ART with TDF containing regimens compared to study done at ter-
tiary hospitals in that study more than 70% patients start ART with AZT and Stavudin con-
taining regimens which are more toxic than TDF. The other possible explanation might be
differences in the characteristics of the population included in the studies. In this study, the
majority of the study participants initiated ART at WHO clinical stage (I&II) relative to previ-
ous studies conducted at teaching hospitals in which 67.2% of subjects were at an advanced
clinical stage at the initiation of ART. Moreover, the finding in this study was entirely based on
retrospective data which might underestimate the actual risk of the ADRs compared to study
done in Ethiopia at seven teaching hospitals, which uses both retrospective and prospective
data, and India which is entirely a prospective study.
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Table 7. Bi-variable Cox regression for predictors of ADRs among HIV positive adults on ART at Arba Minch town public health facilities, January 2013 to Decem-

ber 2018.
Variables Category Survival status CHR(95% CI) P value
Event Censored
Sex Male 22(12.4) 155(87.6) 1
Female 57(20.4) 222(79.6) 1.69(1.03, 2.77) 0.036*
Age 15-25 5(6.8) 68(93.2) 1
25-34 40(18.9) 171(81.1) 2.51(0.99, 6.37) 0.052*
35-44 23(18.5) 101(81.5) 2.66(1.01, 7.01) 0.047*
>45 11(22.9) 37(77.1) 2.86(0.99, 8.26) 0.051%
Marital status Single 14(16.5) 71(83.5) 1
Married 41(16.2) 212(83.8) 0.91(0.49, 1.68) 0.778
Separated or divorced 18(20.7) 69(79.3) 1.11(0.55, 2.24) 0.763
Widowed 6(19.3) 25(80.7) 1.16(0.45, 3.03) 0.753
Education No formal education 13(11.7) 98(88.3) 1
Primary 30(19.5) 124(80.5) 1.99(1.04,3.83) 0.037*
Secondary 28(20.1) 111(79.9) 1.92(0.99,3.72) 0.051%
Tertiary 8(15.4) 44(84.6) 1.57(0.64,3.79) 0.318
Occupation Governmental employee 15(19.5) 62(80.5) 1
Farmer 19(31.1) 42(68.9) 2.03(1.03, 4.00) 0.041%
Merchant 8(14.3) 48(85.7) 0.68(0.29,1.62) 0.394
Daily laborer 21(13.7) 132(86.3) 0.66(0.34,1.29) 0.226
House wife 10(16.4) 51(83.6) 0.89(0.40,1.99) 0.781
Student 2(11.1) 16(88.9) 0.96(0.22,4.25) 0.965
Others 4(13.3) 26(86.7) 0.72(0.24,2.19) 0.573
Residence Urban 67(17.7) 310(82.3) 1
Rural 12(15.2) 67(84.8) 0.97(0.52, 1.79) 0.918
Catchment area Reside in facilities catchment area 66(17.6) 308(82.4) 1
Not reside in facilities catchment area 13(15.8) 69(84.2) 1.06(0.55, 1.82) 0.986
Adherence Good 73(18.5) 321(81.5) 1
Fair 2(10.5) 17(89.5) 0.65(0.23, 1.78) 0.400
Poor 4(9.3) 39(90.7) 0.55(0.13, 2.23) 0.402
Disclosure Disclosed 78(18.4) 345(81.6) 1
Not disclosed 1(3) 32(97) 0.16(0.02, 1.15) 0.068*
Alcohol use Yes 25(20) 100(80) 1.20(0.74, 1.93) 0.452
No 54(16.3) 277(83.7) 1
Functional status Working 59(14.6) 344(85.4) 1
Ambulatory 17(36.2) 30(63.8) 3.04(1.77,5.22) <0.001*
Bedridden 3(42.8) 4(57.2) 5.75(1.80,18.43) 0.003*
WHO clinical stage WHO stage I and IT 34(9.6) 321(90.4)
WHO stage IIT and IV 45(44.5) 56(55.5) 5.94(3.80, 9.30) <0.001*
BMI >18.5 59(15.5) 321(84.5) 1
16-18.5 19(27.5) 50(72.5) 1.94(1.15, 3.25) 0.012*
<16 1(14.3) 6(85.7) 1.12(0.15, 8.10) 0.909
Ols Yes 38(25.0) 114(75.0) 1.96(1.26, 3.06) 0.003*
No 41(13.5) 263(86.5) 1
Other non AIDS related co morbidities Yes 3(21.4) 11(78.6) 1.58(0.49,5.01) 0.439
No 76(17.2) 366(82.8) 1
(Continued)
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Table 7. (Continued)

Variables Category Survival status CHR(95% CI) P value
Event Censored

CD4 count <200 cells/pl 25(33.7) 49(66.3) 3.38(2.04, 5.59) <0.001*
> 200 cells/pl 39(11.8) 291(88.2) 1

ART regimen le, TDF-3TC-EFV 44(11.9) 325(88.1) 1
1d, AZT-3TC-EFV 5(41.7) 7(58.3) 3.27(1.28, 8.36) 0.013*
1c, AZT-3TC-NVP 14(35.0) 26(65.0) 3.50(1.91, 6.43) <0.001*
1f, TDF-3TC-NEV 16(45.7) 19(54.3) 4.93(2.77, 8.76) <0.001*

Anti-TB treatment Yes 19(52.8) 17(47.2) 4.67(2.77,7.86) <0.001*
No 60(14.3) 360(85.7) 1

CPT Yes 66(27.2) 177(72.8) 4.81(2.65, 8.72) <0.001*
No 13(6.1) 200(93.9) 1

IPT Yes 61(14.6) 357(85.4) 0.24(0.14, 0.41) <0.001*
No 18(47.4) 20(52.6) 1

Health facility Hospital 66(21.8) 237(78.2) 1
Health center 13(8.3) 140(91.7) 0.31(0.17, 0.56) <0.001*

Note:

* indicates p-value less than 0.25, 1 indicates reference value.

https://doi.org/10.1371/journal.pone.0251763.t007

Concerning the time of ADRs, 26(32.9%), 20(25.3%) and 16 (20.25%) of the ADRs occurred
within the first 6th, 12th and 24th months of ART initiation respectively. This shows that the
risk of ADRs were reduced as duration of ART increases and it was highest in the first six
months of observation and more than three-fourth of incidents were happened in the first two
years of observation. This finding is supported by previous studies conducted in our country
at Bahir Dar and seven teaching hospitals and it is also agreed with a study done at Nigeria and
India [30,32,33,38].

In this study, being female was found as an independent predictor for anti-retroviral related
ADRs. Females were more than two times more likely to experience ADRs as compared to
males. This finding was consistent with other previous studies conducted in Brazil, where the
risk of ADRs was 1.93 times higher among females compared to males and it is also supported
by studies done in South Africa and Ghana, in these studies the risk of ADRs among male
reduced by 50% compared to females [39-41]. Differences on the risk of ADRs between male
and female might be because of a number of sex related physiological differences, such as hav-
ing lower body weight, differences in activity of enzymes, reduced renal clearance due to their
lower glomerular filtration rate and difference on absorption, distribution, metabolization and
excretion of drugs at different rates compared with men. Additionally, women use more medi-
cations compared to men such as contraceptives, hormonal supplements, minerals and vita-
mins, especially during their reproductive life that might predispose them to more ADRs
compared to men [42,43].

WHO clinical stage at the initiation of ART was also one of an independent predictor of
ADRs among adult HIV patients on ART. In this study, those patients who were at an
advanced clinical stage at the time of ART initiation had a significant risk of developing ADRs.
This finding was in line with a study conducted in Bahir Dar at Felege Hiwot hospital in 2017,
where the risk of developing ADRs was higher among WHO clinical stage II, IIT and IV com-
pared to stage I [32]. This finding was also supported by a similar type of study conducted in
Nigeria in 2015 in that study, the risk of ADRs was significantly higher among patients who
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Table 8. Multiple-variable Cox regression for predictors of ADRs among HIV positive adults on ART at Arba Minch town public health facilities, January 2013 to

December 2018.
Variables Category Survival status CHR(95%CI) AHR (95% CI) P-value
Event Censored
Sex Male 22(12.4) 155(87.6) 1 1
Female 57(20.4) 222(79.6) 1.69(1.03,2.77)* 2.35(1.18, 4.69) 0.015**
Base line age 15-24 5(6.8) 68(93.2) 1 1
25-34 40(18.9) 171(81.1) 2.51(0.99,6.37)* 2.85(0.82, 9.84) 0.098
35-44 23(18.5) 101(81.5) 2.66(1.01,7.01)* 3.41(0.88, 13.19) 0.075
>45 11(22.9) 37(77.1) 2.86(0.99,8.26)* 3.70(0.91, 15.16) 0.068
Education No formal education 13(11.7) 98(88.3) 1 1
Primary 30(19.5) 124(80.5) 1.21(1.04,3.83)* 1.77(0.77, 4.10) 0.178
Secondary 28(20.1) 111(79.9) 1.92(0.99,3.72)* 2.16(0.88, 5.31) 0.092
Tertiary 8(15.4) 44(84.6) 1.57(0.65,3.79) 1.10(0.27, 4.29) 0.912
Occupation Governmental employee 15(19.5) 62(80.5) 1 1
Farmer 19(31.1) 42(68.9) 2.03(1.03,4.00)* 1.44(0.53, 3.95) 0.472
Merchant 8(14.3) 48(85.7) 0.68(0.29,1.62) 0.58(0.17, 1.96) 0.383
Daily laborer 21(13.7) 132(86.3) 0.66(0.34,1.29)* 1.21(0.44, 3.39) 0.705
House wife 10(16.4) 51(83.6) 0.89(0.40,1.99) 1.85(0.61, 5.59) 0.276
Student 2(11.1) 16(88.9) 0.96(0.22,4.25) 2.73(0.23,32.22) 0.423
Others 4(13.3) 26(86.7) 0.72(0.24,2.19) 1.93(0.51, 7.36) 0.332
Disclosure Disclosed 78(18.4) 345(81.6) 1 1
Not disclosed 1(3) 32(97) 0.16(0.02,1.15)* 0.88(0.11, 7.20) 0.912
Base line Functional status Working 58(14.6) 344(85.4) 1 1
Ambulatory 17(36.2) 30(63.8) 3.09(1.80,5,32)* 1.96(0.83, 4.59) 0.121
Bedridden 3(42.8) 4(57.2) 7.32(2.64,20.25) 1.93(0.35, 10.58) 0.449
Base line WHO clinical stage Stage I and IT 34(9.6) 321(90.4) 1 1
Stage IIT and IV 45(44.5) 56(55.5) 5.94(3.80,9.30)* 3.00(1.22,7.37) 0.017**
Variables Category
Base line BMI >18.5 59(15.5) 321(84.5) 1 1
16-18.5 19(27.5) 50(72.5) 1.94 (1.15,3.25) 0.61(0.26, 1.41) 0.244
<16 1(14.3) 6(85.7) 1.12 (0.15, 8.10) 0.34(0.04, 2.21) 0.349
Ols Yes 38(25.0) 114(75.0) 1.96 (1.26,3.06)* 0.94(0.46, 1.95) 0879
No 41(13.5) 263(86.5) 1 1
Base line CD4 count <200 cells/pl 25(33.7) 49(66.3) 0.29(0.18, 0.49)* 1.53(0.77, 3.14) 0.214
>200 cells/pl 39(11.8) 291(88.2) 1 1
ART regimen TDE-3TC-EFV 44(11.9) 325(88.1) 1 1
AZT-3TC-EFV 5(41.7) 7(58.3) 3.27(1.28, 8.36)* 1.88(0.41, 8.56) 0.410
AZT-3TC-NVP 14(35.0) 26(65.0) 3.50(1.91, 6.43)* 2.84(1.26, 6.41) 0.012**
TDEF-3TC-NVP 16(45.7) 19(54.3) 4.93(2.77, 8.76)* 3.90(1.80, 8.45) 0.001**
Anti-TB treatment Yes 19(52.8) 17(47.2) 4.67(2.77,7.86)* 0.64(0.17, 2.40) 0.514
No 60(14.3) 360(85.7) 1 1
CPT Yes 66(27.2) 177(72.8) 4.81(2.65, 8.72)* 2.18(0.97, 4.91) 0.059
No 13(6.1) 200(93.9) 1 1
IPT Yes 61(14.6) 357(85.4) 0.24 (0.14,0.41)" 0.63(0.17, 2.28) 0.486
No 18(47.4) 20(52.6) 1 1
(Continued)
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Table 8. (Continued)

Variables Category
Health facility Hospital

Health center
Note:

Survival status CHR(95%CI) AHR (95% CI) P-value
Event Censored

66(21.8) 237(78.2) 1 1

13(8.3) 140(91.7) 0.31(0.17, 0.56)* 0.41(0.17,0.97) 0.043**

* P<0.2 which are candidate for multi-variable Cox regression model,

** indicates p-value<0.05, 1 indicates reference group, CI = confidence interval.

https://doi.org/10.1371/journal.pone.0251763.t008

start ART at advanced clinical stage (WHO stage III and IV) relative to those who start ART at
earlier clinical stages(WHO stage I and II) [44]. The possible explanation for the higher inci-
dence of ADRs among patients with advanced clinical disease might be due to an increased
risk of opportunistic infections and associated with this there would be also use of multiple
drugs. The study suggest that patients with multiple morbidity may have altered pharmacody-
namics and pharmacokinetic mechanisms due to drug-disease interaction which predisposes
them to ADRs and the use of multiple drugs also increases the risk of ADRs due to drug- drug
interactions [42]. This finding implies that the need of strengthening the implementation of
test and treat strategies in order to reduce developing advanced clinical stage of disease in turn
to reduce ADRs among them. Moreover, the finding also indicated that the need of close fol-
lows up with patients with advanced stage of disease.

This study found that Zidovudine and Nevirapin based regimen was significantly more
toxic than Tenofovir and Efaverinz based regimens. This finding was supported by a study
done in Uganda in 2013 in which ART related ADRs was higher in Nevirapin containing regi-
men compared to Efaverinz and also study in Ethiopia at Hiwot Fana hospital, in which TDF
based regimens was less toxic compared to AZT containing regimens [29,45].

In this study, there was a significant difference in the incidence of ADRs between the health
care facilities where the patient received ART service. However, there were no studies that
have seen a difference on the risk of ADRs among the types of health care facility in such a way
previously. According to this study, the risk of ADR was reduced by 59% among those HIV
patients who were on ART at the health center compared to those from the hospital. One pos-
sible explanation for this might be better follow-up and counseling of patients due to low
patient flow in the health center compared to the hospital. The other possible reason could be
differences in the clinical condition of patients attending at the hospital and the health center;
clinically advanced patients are more likely to attend to hospitals than health centers. More-
over, in this study, advanced clinical stage at the initiation of ART was 25% among hospital
patients as compared to 18.3% in the health center. There might be also differences in diagnos-
tic capability of ADRs between health center and hospital due to difference in knowledge or
educational level of the health care provider and difference in the availability of diagnostic
equipment. This finding implies that the need of expanding health facilities which provides
ART services at community level and the need of availing training on screening of ADRs to
health professionals.

The major limitation of this study was since it was based on secondary data it was difficult
to ascertain the outcome variable and also there might be a difference on the measurement of
the outcome variable across health professionals, which might under/overestimate the
problem.

Predictors like hemoglobin level, status of viral hepatitis infection and organ functional sta-
tus indicating laboratory results were not included as they were not fully documented on
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patient cards, had a large amount of missed values, as a result they were totally excluded from
the analysis. Thus, this finding should be interpreted with this limitation in mind.

Conclusion

Incidence of adverse drug reaction is high during the early years of ART initiation and it
decreases over the time of ART. The incidence rate of ADRs is reduced among patients on
ART compared to previous studies. Being female, advanced WHO clinical stage, ART regimen
and type of health care facility were an independent predictor for the occurrence of ADRs
among HIV positive adults on ART in Arba Minch town public health facilities. The govern-
ments and concerned bodies should give attention to early identification of a patient by
screening of risk groups and early initiation of ART. A special emphasis should be given to
patients in the early years of ART initiation, since this is the time of highest incidence ADRs.
Providing awareness on signs and symptoms of some of the self-recognizable ADRs should be
considered, in order to early diagnosis and to manage any ADRs related to anti-retroviral
drugs. Moreover, prospective study should be done for more precise measurement of the mag-
nitude of the problem and to identify some other factors like use of herbal medications and
other which can be measured better by prospective observation of patients.
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